The rotational spectra of discharge produced 13 C isotopomers of fluorodiacetylene were recorded with high sensitivity to improve the centrifugal distortion analysis. Stimulated by the sensitivity attained by the spectrometer the investigation was extended to detect the hitherto unknown fluorotriacetylene. The spectrum of a linear molecule was found, which with high probability belongs to fluorotriacetylene.
Introduction
In the recent years the rotational spectra of many molecules, which were produced by an electrical discharge in a pulsed beam nozzle, were investigated by molecular beam Fourier transform microwave (MB FTMW) spectroscopy [1] . After the initial experiments of Grabow, Heineking, and Stahl [2] this field was subsequently investigated by several groups with great success: Gerry et al. [3, 4] , Endo et al. [5] , Thaddeus et al. [6] . In Kiel, Sutter and Dreizler contributed to the field by two publications [7, 8] . In this paper we report an extension of this work.
It was possible to study many new molecular species, which were otherwise difficult to synthesize. Many of them were observed in the interstellar space [6] . Further deuteration was possible, and reaction paths in the discharge were proposed [7, 8] .
Experimental
Following these lines the MB FTMW spectrometer [9] in Valladolid was equipped with a discharge nozzle similar to that given in Fig. 1 of [8] or that described in the appendix B of [6] . The discharge tube is of 3 mm diameter and 16 mm length, the ring electrodes have a distance of 4 mm. The downstream following reaction 0932-0784 / 02 / 0100-0076 $ 06.00 c Verlag der Zeitschrift für Naturforschung, Tübingen www.znaturforsch.com tube is of 4.5 mm diameter and 16 mm length. A positive upstream electrode proved to result in higher sensitivity. The downstream electrode was on ground. Further, the parts 28 to 33 of Fig. 1 of [7] (HV power supply, HV switch, pulse generator, limiting resistor, HV probe, oscilloscope) were incorporated into the spectrometer.
To test the set up with discharge produced fluorodiacetylene, F(C C) 2 H, [8], a sample prepared with neon as carrier gas and approximately 1% of 1,1 difluoroethene, CF 2 CH 2 , as precursor gas (Aldrich Chemical Co) was used. Backing pressures up to 5 bar and discharge voltages between 800 to 1400 V were applied. With a valve opening time of 0.8 to 1 ms the high voltage was on for 0.75 ms with a delay of 0.25 ms relative to the starting of the gas pulse. We were able to measure the J = 2 -1 and 3 -2 transitions of all four 13 C isotopomers in natural abundance of 1%. About 8192 experiment cycles were necessary. The results are given in Table 1 . The measurements were used to improve the centrifugal distortion analysis with the Hamiltonian
Using the program of Pickett [10] and including the high J transitions given in [11, 12] results in the 195) rotational and centrifugal distortion constants given in Table 2 . Table 2 . By adding the low J lines, the results gain in precision compared to [12] .
The results for the main isotopomer F(C C) 2 H, [8] have been included in
Stimulated by the results and experience given in Ab initio calculations were additionally performed using GAUSSIAN 98 [14] programs in order to predict the rotational constants of F(C C) 3 H. First we tested the reliability of these calculations on the F(C C) 2 H molecule. We initially compared the rotational constants calculated using 6-31G(d,p) and 6-311+G(d,p) basis sets in combination with MP2 and An extended search by scans [15] in the region of the J = 8 -7 resulted in a weak signal. Improving with higher backing pressures up to 7 bar and higher voltages to 1400 V resulted in the frequencies given in Table 3 . Figure 1 gives an example. The results of a centrifugal distortion analysis have been included in Table 2 . It may be noted that the rotational constant B = 755.74895(33) MHz is very close to the predicted one and that the centrifugal distortion constant D J is about one order of magnitude smaller for F(C C) 3 H than for F(C C) 2 H, indicating a slower rotation.
Discussion
The agreement between experiment and prediction is a strong indication that the spectrum of the linear molecule is really that of fluorotriacetylene, F(C C) 3 H. Also the reduction of the centrifugal distortion constant supports this conclusion. It must be a dipolar molecule composed only of hydrogen, carbon and fluorine, as the precursor only provides these atoms.
Comparing the normalized ( S N ) norm = S N n ;1=2 c
[8] signal to noise ratio with n c , the number of cycles as a rough measure of the intensity of the signals we estimated a decrease of the signals, from F(C C) 2 H to F(C C) 3 H by a factor of 26(6). This rough method
